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| ral RESULTS OF TRANSONIC/SUPERSONIC STATIC STABILITY 


WIND TUNNEL TESTS OF AN 0.004-SCALE 
SPACE SHUTTLE ORBITER MODEL (0A49) 


By Edward Allen, Rockwell International Space Division 
ABSTRACT 


Experimental aerodynam*c investigations of an 0.004-scale model of 
the Configuration 4 Space Shuttle Orbiter were conducted in the NASA/MSFC 
14-inch Trisonic Wind Tunnel during November and December 1973. 

Elevon, aileron, bodyflap, speedbrake, and rudder effectiveness and 
effects of ventral fins were investigated at angles of attack from -10° 
to 40°, angles of sideslip from -10° to +10°, and Mach numbers from 0.6 to 


4.96. Resulting six-component static stability data and associated test 


information are presented. 
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INDEX OF DATA FIGURES (Concluded) 


Plotted Coefficients Schedule: 


(A) 


(B) 


(C) 
\D) 
(E) 
(F) 


(G) 


(H) 


(1) 
(J) 


(K) 
(L) 
(M) 


CL, CD, L/D, CAB, CAF, CAP, CN, CLM, XCP/L, COF, 
CLMAFT versus ALPHA 

CL, CD, L/D, CAB, CAF, CAP, CN, CLM, XCP/L, CDF, 
CLMAFT versus MACH NUMBER 

CL versus CLM 

CN versus CLM 

CL versus CD 


DELCL, DELCD, DELCN, DELCLM, DELCAB, DELCAF, DELCAP versus ALPHA 
DELCL, DELCD, DELCN, DELCLM, DELCAB, DELCAF, DELCAP versus MACH NO. 
DELCL, DELCD, DELCN, DELCLM, DELCAB, DELCAF, DELCAP versus DELEVR 
DELCL, DELCD, DELCN, DELCLM, DELCAB, DELCAF, DELCAP versus ALPHA 

CY, CYN, CBL versus BETA 

DELCL, DELCD, DELCN, DELCLM, DELCAB, DELCAF, DELCAP versus ALPHA 

DELCL, DELCD, DELCN, DELCLM, DELCAB, DELCAF, DELCAP versus MACH NO. 
DELCL, DELCD, DELCN, DELCLM, DELCAB, DELCAF, DELCAP versus BDFLAP 


DCY/DR, OCYNDR, DCBLDR versus ALPHA 
DCY/DR, DCYNDR, DCBLDR versus MACH NO. 


DELCL, DELCD, DELCN, DELCLM, DELCAB, DELCAF, DELCAP versus ALPHA 
DELCL, DELCD, DELCN, DELCLM, DELCAB, DELCAF, DELCAP versus MACH NO. 
DELCL, DELCD, DELCN, DELCLM, DELCAB, DELCAF, DELCAP versus SPDBRK 
DCY/DA, DCYNDA, DCBLDA versus ALPHA 

DCY/DA, DOCYNDA, OCBLDA versus ELEVTR 

DCY/DA, DCYNDA, DCBLDA versus MACH NO. 


DCY/DA, OCYNDA, DCBLDA versus ALPHA 
DCY/DA, DCYNDA, DCBLDA versus DELARN 


DCY/DA, DCYNDA, DCBLDA versus ALPHA 
DCY/DA, DCYNDA, DCBLDA versus BDFLAP 


OCY/DR, DCYNDR, DCBLDR versus ALPHA 
CYBETA, CYNBET, CBLBET versus MACH NO. 


DELCLM, DELCN, DELCAP, DELCL, DELCD, DELCBL, DELCYN, 
DELCY versus ELEVLT 


nae | NOMENCLATURE | 


a General 
PLOT : 
SYMBOL SYMBOL DEFINITION : 
a speed of sound; m/sec, ft/sec | 
Cp CP pressure coefficient; (p, - po)/q : 
M MACH Mech number; V/a 2 
p pressure; N/m, psf : 
q Q( NSM ) dynamic pressure; 1/2pv, N/m, psf , 
Q( PSF ) | 
RN/L RN/L unit Reynolds number; per m, per ft : 
Vv velocity; m/sec, ft/sec : 
a ALPHA angle of attack, degrees | 
B BETA angle of sideslip, degrees : 
wy PSI angle of yaw, degrees ; 
¢ PHI angle of roll, degrees : 
p mass density; ke/m3, slugs/ft3 : 
Reference & C.G. Definitions | 
Ab | base area; m-, ft , 

b BREF wing span or reference ee ft 
CoB center of gravity : 
her LREF reference length or wing mean ; 
C aerodynamic chord; m, ft 
S SREF wing area or reference area; m°, rt? 
MRP moment reference point | 
XMRP moment reference point on X axis | 
YMRP moment reference point on Y¥ axis : 
ZMRP moment reference point on 2 axis | 

. SUBSCRIPT. | 
base 
local 


static conditions 
total conditions 
free stream 
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Ch 


Cf 


Cz 


ti 
Cf 
L/D 


L/Dp 


PLOT 


SYMBOL 


Ch 


CY 


CAB 


CAF 


CIM 


CBL 


CL 


CD 


CDB 


CDF 


cY 


CIM 


NOMENCLATURE (Continued ) 


Body-Axis System 


DEFINITION 


normal-force coefficient; nore 
q 


axlal-force coefficient; aHeee Jor 
q 


side-force coefficient; side force 
qs 


buse-force coefficient; sane ore 
q 


-Ap(Pp - Po)/as 


forebody axial force coefficient, C, - Cay 


pitching-moment coefficient; pitching moment 
oT nar 


yawing-moment coefficient; yeuing woneoe 
q 


rolling-moment coefficient; rose one moment 
qi 


Stability-Axis System 
lift coefficient; = 
q 


drag coefficient; arg 
q 
base-drag coefficient; base Greg 
q 


forebody drag coefficient: Cy - Cy, 


side-force coefficient; aide sores 
q 


pitching-moment coefficient; Pitching moment 
Ploep 


yawing-moment coefficient; eine omen 
q 


rolling-moment coefficient; Fone the nore 
qe 


lift-to-drag ratios C,/Cp 


lift to forebody drag ratio; C1/ Che 
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SYMBOL 


C 
Ap 


Cmart 


Xep/* 


AB 
Ac 


Cae 


Ces, 


Ce sp 


Cn, 


Ce. 
Ng, 
ng. 


Cpe 
Cy, 
Cys. 
CY, 


ACA, 
ACAe 


ACA, 
ACy 


PLOT 
SYMBOL 


CAP 
CLMAFT 
XCP/L 


CBLBET 


DCBLDA 


DCBLOR 


CYNBET 


OCYNDA 


DCYNDR 


CYBETA 
DCY/DA 
OCY/OR 
DELCAB 


DELCAF 


DELCAP 
DELCD 


NOMENCLATURE (Continued) 


DEFINITION 
total axial-force coefficient 


pitching-moment coefficient about af: ec. | ‘mit 


longitudinal center of pressure loc :t?n, 
fraction of body length 


model base area, in 
model balance cavity area, in 


rolling-moment coefficient sideslip 
derivative, per deg. 


rolling-moment coefficient aileron 
derivative, per deg. 


rolling-moment coefficient rudder 
derivative, per deg. 


yawing-moment coefficient sideslip 
derivative, per deg. 


yawing-moment coefficient aileron 
derivative, per deg. 


yawing-moment coefficient rudder 
derivative, per deg. 


balance cavity pressure coefficient 
Side-force coefficient sideslip derivative, per deg. 
side-force coefficient aileron derivative, per deg. 
side-force coefficient rudder derivative, per deg. 


incremental base axial-force coefficient 
incremental forebody axial-force coefficient 


incremental total axial-force coefficient 


incremental drag coefficient 





a SYMBOL 
AC 

De 
AC, 
Mme wd 


ACmatt 


ACn 





ASe 


AS, 


PLOT 
SYMBOL 
DELCDF 
DELCL 


DELCLM 


OCLMAF 


DELCN 


DELCBL 
DELCYH 
DELCY 


AILRON 
ELEVTR 
ELEVLT 
ELEVRT 
BDFLAP 
SPDBRK 
VENTRL 


DELEVR 
DELARN 





NOMENCLATURE (Concluded) 


DEFINITION 
incremental forebody drag coefficient 


incremental lift coefficient 


incremental pitching-moment coefficient about 
forward c.g. limit 


incremental pitching-moment coefficient about 
aft c.g. limit 


incremental normal-force coefficient 


incremental rolling-moment coefficient 
incremental yawing-moment coefficient 


incremental side-force coefficient 


aileron deflection angle, degrees 

elevon deflection angle, degrees 

left elevon deflection angle, degrees 

right elevon deflection angle, degrees 

bodyflap deflection angie, degrees 

speedbrake deflection angle, degrees 

bodyflap ventral deflection angle, indicated as 
Y.XX; where Y = 1, for ventral open or 2, for ven- 
tral closed and XX = deflection angle in degrees, 
trailing edge left (aft looking foreward) is 
positive deflection 

incremental elevon deflection angle, degrees 


incremental aileron deflection angle, degrees 


@ ~2- 5 ee sisted google Rb Se eink ata ears and oe cubowemnngmm Wane ab ter 8 ‘ 





REMARKS 


A dimensional check of model 34-0 showed it was not a true scal2 re- 
presentation of the Configuration 4 Space Shuttle Orbiter. Model plan- 
form dimensions differed from the Configuration 4 lines as shown in figure 
2b. Data reduction constants were adjusted to correct for these dif- 


ferences as follows: 


Dimension coeriaaaiien 4 iets Sarin 
wing area, S, ft® 2690 2741.8 
wing span, b, in | 936.68 936.68 
wing MAC, c, in 474.8) 481.648 
MRP-forward c.g. limit, in, Ko 1076.7 1087.39 
MRP-aft c.g. limit, in. Xo 1102.5 1107.196 
MRP lateral location, in. Ye 0.0 0.0 

MRP vertical location, in. Zo 375.0 375.0 
elevon area, ft? 210.00 238.93 
elevon lever arm (fwd c.g.), in 328. 45 331.89 


Model elevon angles also differed from those nominally desired as 
shown in Tables IV and V. 

Nominal deflection values are given in Table I. Actual model values 
are used in data figures and in the appendix. 

The speedbrake deflection angle, 25.55, specified in the parameter 
data of the plots denotes a deflection angle as a function of Mach number. 


The speedbrake deflection angle is 25 degrees for Mach numbers less than 


or equal] to 0.9 and 55 degrees for Mach numbers equal to or greater than 
1.2. 
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CONFIGURATIONS INVESTIGATED 


The test specimen was an 0.004-scale representation of the Space 
Shuttle Vehicle 4 Orbiter as shown in figure 2a. It was comprised of the 
following components: 


Bog VL70-000140A/0140B/0143B/0200/0205/0145/6089 fuselage 
Cg VL70-000140A/143A canopy 

E06 VL70-000140B/200/6089/6092 elevon 

F, VL70-000140A/145 bodyflap 


Ly small ventral fin located on bodyflap centerline 
per VL70-007030 


Lo two ventral fins located on bodyflap tips per VL70-007030 


L3 small ventral fin located on centerline forward of bodyflap 
per VL70-007030 


La large ventral fin located on bodyflap centerline per 
VL70-007030 


My VL70-000140A/145 OMS pod 
Re VL70-000095/139/146A rudder 


Vg VL70-000140A/146A vertical tail 


Wiyg _- VL70-000140A/200 wing 


A detailed description of these components is given in Table III and 
Figure 2. 


Nominal control surface deflections investigated were: 
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CONFIGURATIONS INVESTIGATED (Concluded) 


6, = 0°, 5°, 10°, 15° 
Sap = «-11.7°, 0°, 16.3°, 22.6° 


§ = -40°, -30°, -20°, -10°, -5°, -2.5°, 0° 2s . g o 
e 10°, 15° 9 5 9 5 b 7.5 + 


Ssg = O°, 25°, 55°, 85° 

by = 0°, 15° and 30° open - Lj, L3, and Ly 
0° closed - Ly, L3, and Ly 
45° open - Lo 
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O° and 0.9° closed = Lo 


Model anomalies are described in the remarks section. 
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TEST FACILITY DESCRIPTION 


The Mershall Space Flight Center 14" x 14" Trisonic Wind Tunnel is an inter- 
mittent blowdown tunnel which operates by high pressure air flowing from 
storage to either vacuum or atmospheric conditions. A Mach number range 
from .2 to 5.85 is eewered by utilizing two interchangeable test sections. 
The transonic section permits testing at Mach 0.20 through 2.50, and the 
supersonic section permits testing at Mach 2.74 through 5.85. Mach numbers 
between .2 and .9 are obtained by using a controllable diffuser. The range 
from .95 to 1.3 is achieved through the use of plenum suction and perforated 
walls. Mach numbers of 1.44, 1.93 and 2.50 are produced by interchangeable 
sets of fixed contour nozzle blocks. Above Mach 2.50 a set of fixed contour 
nozzle blocks are tilted and translated automatically to produce any desired 


Mach number in .25 increments. 


Air is supplied to a 6000 cubic foot storage tank at approximately -40°F dew 


point and 500 psi. The compressor is a three-stage reciprocating unit driv. 


_ by a 1500 hp motor. 


The tunnel flow is established and controlled with a servo actuated gate 
valve. The controlled air flows through the valve diffuser into the stilling 
chamber and heat exchanger where the air temperature can be controlled from 
ambient to approximately 180°F, The air then passes through the test section 


which contains the nozzle blocks and test region. 


Downstream of the test section is a hydraulically controlled pitch sector 
that provides a total angle of attack range of 20° (410°). Sting offsets are 


available for obtaining various maximum angles of attack up to 90°. , j 
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DATA REDUCTION 





Data were reduced about body and stability axes using standard MSFC 


TWT methods. The following constants were used: 


reference area, 5, Ft 
reference length, ¢, in 
reference span, b, in 
XMRP, in. fuselage station 
forward (CG 
aft CG 
YMRP, in. butt line 
ZMRP, in. water line 
reference body Jength, f, in 
cavity area, ft 
base area, ft 
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full scale 


2741.80 
481.65 
936.68 


1081.39 

1107.20 
0.0 
375.0 
1290.3 
137.5 
417.4 


model scale 


0.04387 
1.9266 
3.7467 


4.3256 
4.4288 
0.0 
1.500 
5.161 
0.00220 
0.00668 
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TABLE | 






TEST CONDITIONS 












REYNOLDS NUMBER 
million per foot 


DYNAMIC PRESSURE 
(pounds/sq. inch) 


TAGNATION TEMPERATURE 
(degrees Fahrenheit) 
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BAI ANCE UTILIZED: MSFC 231 


COEFFICIENT 


CAPACITY: ACCURACY: TOLERANCE: 


—122.)bs_ =) +.0082 
52 Ibs +.26 +,0035 
22 lbs 10 +.0013 


—l22_in-1bs. +0015 
own Qin Lbs 


wee O04 
53 in-lbs. +,0007 
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*REVISED 4/24/74 


TABLE III. - MODEL DIMENSIONAL DATA 


MODEL COMPONENT :___BODY -_ Bag } 
GENERAL DESCRIPTION : configuration 1404/2 Orbiter Fuselege———_——— | 








MODEL SCALE: 0.004 MODEL DRAWING: SS-AOO147, RELEASE 12 
DRAWING NUMBER 
DIMENSIONS : FULL SCALE MODEL SCALE 
“Length (OML: Fwd Sta. X,=235)-In. 1293.3 -  §.173 
*Length (IML; Fwi. Sta Xg238)-In. 2290.30 4.1/6) 
*Max Width (@ X, =1528.3) - In. cwu2hhoo = 056 
Max Depth Re eae ee eee 
Fineness Ratio _ ee ae ae ae Te 
Area | = ree a = EEEEwee 
Max. Cross~Sectional — 0.88 = 0005. : 
Planform ee ER | 
Wetted Siaieiieeiemmeniaiies,.  ‘Vieteniinienietesiaecas : 
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TABLE III. - MODEL DIMENSIONAL DATA - Continued. Yo 


MODEL COMPONENT : CANOPY - Cy | 
GENERAL DESCRIPTION : _ Configuration 34. Canopy used with Fuselage 


<7 a ne NO er Sr era ee 


DRAWING NUMBER’ __vL70-000143a, -000140A 0 


: DIMENSIONS : FULL SCALE MODEL SCALE 


*Length (xX, =434.643 to 578) 
7 Max Width (@ X, = 513-127) 
Max Depth (@ xX, = 485.) 
Fineness Ratio 
Area 
: Max. Cross-Sectional 
Planform 


Wetted 
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*REVISED 4/24/74 | 
TABLE III. - MODEL DIMENSIONAL DATA - Continued. | 


MODEL COMPONENT: ELEVON -_ Ep¢ as : 


GENERAL DESCRIPTION: Configuration 140A4/B Orbiter elevons. 


Data are for one Side. | 








———HBDEL SCALE: 0.00 MODE. puns s5-s00148, peEase 6 
| DRAWING NUMBER: YL70-000200, -006089, -006092, - 0001408 
a | 


DIMENSIONS; 


Fe ia eed A as LR Peper nh cm ee Bi et RY oe 
: Pa SLA Gh an oder an CE Ls Berit Ae lao 
SE SRE VRS aa PALIT ARTE MES SENET ER AEE REA 


FULL-SCALE MODEL SCALE , 
: | 
Area - Ft 210.0. Q.003 ! 


— 349.2 1.997 


118.004 9.472 
Qutb'd equivalent chord 


: Ratio movable surface chord/ 
total surface chord 


Span (equivalent) » In. 


Inb'd equivalent chord, In. 





At Inb'd equiv. chord 
At Outb'd equiv. chord 
Sweep Back ‘Angles, degrees : 
Leading Edge 7 | | 
Trailing Edge 
Hingeline 


* Area Moment (, Product of area & C) yFt? | 
Mean Aerodynamic Chord, In. | 


1587.25... 2.001 
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TABLE III. - MODEL DIMENSIONAL DATA - Continued. 


2 MODEL COMPONENT :__pony euap eT 


GENERAL DESCRIPTION : __ Configuration 1404/B Orbiter body flap 


Renn, LLY SO ree eS ESS napster, 
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MODEL SCALE: 0.00) MODEL DWG: SS-A00747, RELEASE 12 


DRAWING NUMBER’ ____VL70-OO0LHOA, -000145 


DIMENSIONS : 
: Length (X,=1520 to X,=1613) » In. 
; Max Width (In.) 


Max Depth (X = 1520) - In. 


Fineness Ratio 

Area ~ Fe 
Max. Cross—Sectiona! 
Planform 


Wetted 
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FULL SCALE 


————923..000* 
—— 262.00. 
— 2.000 








142.6 
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*Model dim. measured from Model Sta. 15.20 


MODEL SCALE 


a et ad 
SE 


—_— 





0.002 





we 2007 





Cee a eee ee Tatas. 


x 
AE aN RE eS comin ale Palin PBN IU OR INa eligi A en a ae 


Pie tere neo 


oc eed 


te RNa, A Te 


eae me mg 


chad a ee A TH i ar Ne 


One deen OT ne ne we ee ea ee 


TL en Be ee Ie eae 





Cer Pe on Ree: oe we Earn ne cece ae Sa ye SO ee 

















: TABLE III, - MODEL DIMENSIONAL DATA - Continued. 

| MODEL COMPONENT: VENTRAL - 1, 

| | 

| GENERAL DESCRIPTION: Ventral, L1, is a centerline » body flap mounted device 

| consisting of a 10° single wedge section with a 3-0 inch leading edge radius. 

! All dimensions are defined at a zero degree body flap deflection. 

MODEL SCALE: 0.004 

DRAWING NO.: VL70-007030, VL70-O00L40B 

? 

: DIMENSIONS: FULL SCALE § MODEL SCALE 

; Exposed area, ft | 20.24 = = 0.0003 

Equivalent span, in. 43.050 __0.172 . 

| Aspect ratio 09-0359. 0.6359 

| Rate of taper 0.5472 0.5472 

| Taper ratio | 0.7086 _ _0-7036 

: Chords, In. | 

, Exposed root 79-479 351 : 

3 Equivalent tip 922 0.22 | 

7 Fus. Sta. of 0.25 M.A.C, 1564 .902 2 : 

eS B.L. of 0.25 M.A.C.  - 0.00 0,00 | 

| Airfoil section | : 

, Leading wedge angle » deg. _....L0 00 _.10-.00 ! 
Trailing wedge angle, deg. 2: == ; 
Leading edge radius, in. 3.00 ___3.00 ! 

Void Area ae se : 








Blanketed area, ft? 
Spindle centerline 


Sweepback angle, deg. _ .. Os29 8-29 
Point of intersection at ventral, 1579.702 319 
body flap mold line, in. ye —___0:00 0.000 
Zy 201.639 _2.125 


3] 





“a en A ew ah Pee a ee ee ee ee Tee er ae EM ee ee Te Te ee egal anes a a Ree es Be eae ee ee OM Cee ee een ene Bae ee Pree eee ete ee ee re ER ER ect: ae EE TET Bore ie ty Me eee ees ee See 
a St ee cial a ai * s nen nig te 





TABLE III. - MODEL DIMENSIONAL DATA- Continued. 
! MODEL COMPONENT: VENTRAL - Lp 


GENERAL DESCRIPTION: Ventral, lo, is a single axis yaw flap which is mounted on both 
Sides of the body flap and can be stowed out ofthe freestream or rotated to a fully 
deployed position which is canted outboard at 45° to the freestream. NOTE: All 
dimensions are taken from a true view of the fully deployed position with a separate 0 
listing for the constant chord section of the ventral and the tapered section. (5,5 = 0 ) 


$ ‘ “s 2 
MODEL SCALE: 0.004 DRAWING NO LOCHHEED Oe PG _BEQ00. ; 
DIMENSIONS: (DATA FOR ONE OF TWO SIDES) FULL SCALE MODEL SCALE 
Constant Chord Se¢tion: 
True area, ft* 10.02 0.0002 _— 
Equivalent span, in. 21.225 0.085 ; 
Aspect ratio 0.3121 0.3121 
Rate of taper 0.00 0.00 
| Taper ratio 0.00 0.00 
| Sweep-back angles, degrees 
| Leading edge 0.00 0.00 
Trailing edge 0.00 0.00 
| Chords, In. cee 
| Equivalent root (Zo 292.73 IN. F.S.) 68.000 _0.27e_ 
| Chord @ Z 9271.50 IN. F.S. 68.000 0.272 
Airfoil Section 
| Constant thickness, in. 6.000 0.024 
! Leading edge radius, in. 3.000 0.018 


Tapered Section 2 





) True area, ft 18.73 0.00030 _ 
: True span, in. 58.0 9 232 
| | Aspect ratio 1.2473 1.2473 
Rate of taper 0.7414 0.741 
| Taper ratio 0.3676 __0. 
| Sweep-back angles, degrees 
Leading edge 36.55 36.55 
Trailing edge 0.00 0.00 
0.25% @ element line | 29.06 29.08 
, Chords, In. 
~righ 29 271.50 IN. ay 68.000 0.272 
! Tip (@ Zo 213.50 IN. F.S. 25.000 ~__0-100__ 
: | WP. of A.C — ear “988 
e e 0 td e * 2 * l 0. 
Airfoil Section, In. et 
Constant thickness, 6.000 0.024 
Leading edge radius 3.000 ~ 0.016 
Ventral Hingeline Axis . | 
L. sideview of orbiter 
Sweep-back angle, deg. 45.00 45.00 
Aftview of orbiter (looking forvard) an =i. 
Outboard cant angle, deg. 13.50 13.50 i 


X 238.000 o.128 
Point of intersection @ body flap hingeline, in. ¥t 114.500 + 45 
2, ——287.000 __1jkh 
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TABLE III. - MODEL DIMENSIONAL DATA- Continued. 
MODEL COMPONENT: VENTRAL - L3 


GENERAL DESCRIPSION: Ventral, L3, is a centerline, body-mounted device con- 
Sisting of a 10 single wedge section with a 3.0 inch leading edge radius. L3 is 
identical to ly except that L3 has been moved forward from the body flap to the 
body. All dimensions are defined at a zero degree body flap deflection. 


MODEL SCALE: 0.004 : 
DRAWING NO.: VL70-007030, VL70-000140B 


Ce ES PGR © PSP ee ee Si SP ar 6 ee ee a ea ae ee Pe ee ae, eee ee A yt Pe eee 


DIMENSIONS; FULL SCALE MODEL SCALE 
Exposed area, rt® 20.24 0.000 
Equivalent span, In. ; 0. : 
Aspect ratio 0. Q. 22 . @ 
Rate of taper 0.5472 0.5472 24 
Taper ratio | 0.70 0.703 
Sweep-back angles, degrees 
Leading edge ‘ ° 
Trailing edge -29 29 
0.25% element line 27.50 7:50 
Chords, In. 


Exposed root 
Equivalent tip 


79.479 

ee one 
Exposed M.A.C. 303 QO. f 
W.P. of 0.25 M.A.C. 1470 .200 5 .OOL 




















B.L. of 0.25 M.A.C. 0.00 0.00 
Airfoil Section 
Leading wedge angle, deg. 10.00 10.00 
Trailing wedge angle, des. o< = 
leading edge radius, In. 3.00 0.010 
Void area on ad 
Blanketed area, re? 2.39 0.000038 
Spindle, centerline | 
Sweepback angle, deg. 6.29 6.29 : 
Point of intersection at ventral, : 
body flap mold line, In. Xo 1485-0 5 .9h0 7 
Xo -0O 0.00 
Zo 271.100 1.005 
3 | 
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TABLE III. - MODEL DIMENSIONAL DATA - Continued. : 
MODEL COMPONENT: VENTRAL - Li, : 


GENERAL DESCRIPTION: Ventral, L,, is a centerline, body flap-mounted device con- 
sisting of a 10° single wedge section with a 3.0 inch leading edge radius. All 
dimensions are defined at a zero degree body flap deflection. 


MODEL SCALE: 0.00% 
DRAWING NO.: VL70-007030, VL70-000140B 

















DIMENSIONS: FULL SCALE MODEL SCALE 
2 
Exposed area, ft ued 0.00065 
Equivalent span, in. . 3 0.2 ; 
Aspect ratio 0. QO. : 
Rate of taper 0.5472 0.5472 
Taper ratio 0.7035 0.7035 
Sweep-back angle, degrees 
Leading edge 3338 3-¥ 
Trailing edge -29 -29 
0.25% element line 27-50 27.50 
Chords, In. 
Exposed root 112. 3f6 0.4 
Equivalent tip | oe 1 0.321 
Exposed M.A.C. ° C.307 
Fus. Sta. of 0.25 M.A.C. tail 2 «310 
W.P. of 0.25 M.A.C. 1-9 99 
B.L. of 0.25 M.A.C. 0.00 0.00 
Airfoil section 
Leading wedge angle, deg. 10.00 10.00 
Trailing wedge, angle, deg. -- “= 
Leading edge radius, In. 3.00 0.012 | 
Void area 0.0 0.0 | 
Blanketed area, rte 4.78 0.000076 2 


—_2:000076 
Spindle centerline 
Sweep-back angle, deg. 62 6.29 | 
Point of intersection at ventral, | 
body flap mold line, In. X> 1579.702 6.319 
Xo 0.00 0.00 | 
Zo 


: 
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I TABLE III. - MODEL DIMENSIONAL DATA ~ Continued. 


MODEL COMPONENT :___OMS/RCS PODS = Me 
GENERAL DESCRIPTION : Configuration LOA/R Orbiter OMS/RCS pods 
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MODEL SCALE: 0.004 MODEL, DWG: _S8-A001!-7, RELEASE 12 
DRAWING NUMBER’ __VL70-O00145 . - 000140A 


DIMENSIONS : FULL SCALE MODEL SCALE 


Length (OMS Fwd Sta. X_ =1233.00) 327,000 
Mox Width (@ X, = 1450.0), In. ee 24 5 
Mox Depth (@ X, = 1493.0), In. 109.000 


Fineness Ratio 
Areo 


Mox. Cross=Sectiona! 


Planform 


Wetted 
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| *REVISED 4/24/74 
TABLE III. - MODEL DIMENSIONAL DATA - Continued. 


MODEL COMPONENT: RUDDER - Rs a 8 | } 
GENERAL DESCRIPTION: 2A, 3, 3A and 140A/B Configurations 
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————MODEL_SCALE:_ 0.004 


DRAWING NUMBER: __VL70-0001464, -000095, -000139. 
DIMENSIONS: FULL-SCALE MODEL SCALE 
* Area- Fe° 100.25 9.0016 
Span (equivalent) , in. 201.9 0.804 
Inb'd equivalent chord, In. 91.585 0. 366 
Outb'd equivalent chord, In. 50.833 0.203 


Ratio movable surface chord/ 
total surface chord 





At Inb'd equiv. chord 0.400 0.400 
At Outb'd equiv. chord 0.400 0.400 
Sweep Back ‘Angles, degrees | | 
Leading Edge 34.83, 83 
Trailing Edge 26.25 26.25 
Hingeline 34.83 34.83" 
Area Moment (Product of Area & ce), Ft? —nAl0.92. ~ 220Q004 ; 
; “Mean Aerodynawic Chord, In. 73.2 0.293 2 
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Nominal Se 


left 


All deflection values are in degrees. 


right 
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-33,96 
-24.07 
-20.95 
-15.94 
-10.13 
- 4,94 
-0.72 
3.49 
9.25 
12.48 
18.11 


-33,33 
-23.60 
-19.20 
-15.15 
- 9.27 
«3,68 
-0.54 
4.82 
8.96 
13.77 
18.47 


PRECEDING PAGE BLANK Nor 


: = feed sath x 4 RE seep RR eo IN Ta RN eR ete tere 
nite eo et / eM naa men sae er Be 


pert eC ge ta eee Se MEM aera nc neenieaIen Most Paget eas a a DT 


TABLE IV. - MODEL ELEVON PANEL DEFLECTION VALUES 


Measured 


Se 


-33.65 
-23.84 
-19.63 
-15.55 
- 9.70 
4.3) 
“0.63 
4.16 
9.11 
13.13 
16.79 





-0.32 
-0.24 
-0.43 
-0.40 
-0.43 
-0.63 
-0.09 
-0.6/ 

0.15 
-0.65 
~1.68 





TABLE V. - MODEL COMBINED ELEVON/AILERON DEFLECTION VALUES 


10 
10 


Nominal 


All deflection values are in degrees. 


40 


-23.8 
-24.0 
~24.6 
-15.5 
-14.6 
-14.2 
-14.3 
- 4,3 
- 5.0 
-§.83 
-4,98 
4.16 


4.40 
2.92 
13.13 
12.04 


Measured 


4 
6 
4 
5 
7 
7 
9 
] 
0 


-0.24 
4.0] 
8.70 

-0.40 
4.54 
9.33 

13.67 

-0.63 
4.28 
9,32 

14.23 
0.67 
4.90 
8.08 

12.19 

-0.65 
3.08 
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Base Pressure Tubes 
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P, 


Cavity Pressure Tube 





Total Projected Area 
(Including Cavity) 
Ap = 0.9617 in.@ 


Cavity Area 


A, * 0.3167 in. 


2 | | 


c. Base and Balance Cavity Pressure Instrumentation 
Figure 2. - Continued. 
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APPENDIX 
TABULATED SOURCE DATA 


Tabulations of plotted data are available on request. from 
Data Management Services 
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